Abstract A three year experimental activity was carried out to evaluate the possibility of reusing Reclaimed Wastewater (RWW) in Pistoia's nursery area (Central Italy). The research was aimed at: 1. identifying the best tertiary treatment facilities in order to make the effluent in compliance with the current Italian legislation for RWW reuse, 2. evaluating the effects of RWW irrigation on some ornamental, 3. quantifying fertilizing value and environmental impacts of RWW irrigation.
Introduction
Pistoia's district represents one of the main nursery areas in Europe; currently, the surface intended for nursery, in the whole province of Pistoia, is of 5,000 ha, 90% of which is situated in the territory surrounding the town. The 5,000 ha are mostly used for field-grown plants (more than 4,100 ha) and, to a smaller extent, for container-grown plants (800 ha) and greenhouse (60 ha). The nursery activity, particularly in the case of container-grown plants, requires high water consumption. According to results of a field investigation carried out in the area of Pistoia (Benvenuti et al., 2000) , the estimated average daily water contribution for the areas assigned to container-grown plants is of 16 mm. Considering the surface occupied by container-grown plants and the duration of the well-watered season (from May to October), the yearly water consumption, relevant to the plain of Pistoia and only for the container-grown plants, is of about 12 Mm 3 .
Water resource requirements are mainly met by the use of groundwater whose exploitation takes place in competition with potable water uses. In this context, a verification of the possibility of reusing treated wastewater for irrigation purposes, making groundwater resources available for other purposes, becomes extremely interesting. The first experimental results clearly prove the possibility of reusing Pistoia purification plant waters Gori et al., 1999) .
This research depicts results of the third experimental year, which included the extension of cultivated species and the evaluation of waste waters organic irrigation capacity, with respect to conventional cultivation practices.
Materials and methods

Pilot plant and Pistoia Wastewater Treatment Plant
The Pistoia's Wastewater Treatment Plant (WWTP) treats about 3,000,000 m 3 /yr; it is a conventional activated sludge plant consisting of pre-treatments (fine bar screen, sand removal and degrease), primary sedimentation, denitrification, oxidation-nitrification and secondary settling. Disinfection occurs by chlorination just in case of emergency.
As a consequence of the prevailing domestic origin of wastewaters entering the WWTP, the refining pilot plant was designed in a configuration providing for a filtering unit upstream a disinfection system (Asano, 1998) .
The pilot plant (see Figure 1 ), whose output is of 8 m 3 /h, consists of: • a submersed pump for withdrawing the secondary effluent; • a two-step pressure filter system; • a peracetic acid metering pump and mixing tank; • a UV irradiation equipment; • a storage tank; • a final pumping system.
Filtration is provided by a two-step pressure filter system (mod. OFSY 30 WGR, Culligan) with sand and anthracite multi-layer medium (flow rate of 8 m 3 /h determined a rate of filtration of 10 m/h). Filtered effluent is then disinfected dosing peracetic acid (PAA) (Oxystrong 5, Ausimont Spa) upstream an 8-lamp (50 W each) low pressure UV irradiation closed system (13.6 liters volume, contact time of 7 s at flow rate of 8 m 3 /h) (mod. M8S, Montagna Ltd.). This system entails the generation of hydroxyl radicals • OH for a photolysis phenomena subsequent the UV irradiation of a peroxide as PAA. Disinfected effluent is stored in a tank (10 m 3 ), whose water is used both for irrigation and filters back-washing (on a daily basis). Stored water is pumped to the experimental site for irrigation; this operation is regulated by a control unit which controls irrigation plant valves operation. The disinfection section was previously optimized for UV and PAA doses during a trial period before starting the irrigation test (Caretti and Lubello, 2003) . According to the experimental data the disinfection ran dosing 2 mg/L of PAA upstream UV, whose level was set to 192 mW/sec cm 2 .
Pilot plant efficiency and water quality monitoring
In order to check the pilot plant efficiency in TSS, turbidity removal and disinfection, both the pilot plant influent and effluent were collected and analyzed for TSS, Turbidity, Transmittance at 254 nm, Total Coliform and Escherichia coli.
Total coliforms were selected as disinfection process indicators since they are used by Figure 1 Pilot plant flowchart the regulation in force (in case of unlimited irrigation with reclaimed water, a limit of 2 Total Coliform MPN/100 mL is set forth), and Escherichia coli were measured since they are regulated by the Italian legislation on water reuse, currently under approval (in this case the limit set forth is of 10 Escherichia coli UFC/100 mL).
Along with the experimental period the quality of tertiary effluent and well-water were also monitored. From May to October, 2 weekly samples were collected during the irrigation. The samples were analyzed for pH, conductivity, COD, nutrients (nitrogen, phosphorus, potassium), sodium, chloride, iron, manganese and other metals (cadmium, nickel, lead, chromium, copper, zinc).
All samples were taken and immediately analyzed (except for metal) according to the Italian standard methods for water analysis. Analytical measurements were carried out using the following instruments: WTW mod. pH DIGI 88 for pH, Hanna Instruments mod. HI8733 for conductivity, Hach mod. 2100P for turbidity, Varian mod. Cary 50 for spectrophotometric measures. Samples for metal were preserved with nitric acid and then analyzed by atomic absorption spectroscopy (GBC mod. 908).
Agronomic experimentation
The agronomic experimentation was conducted within one of the larger nursery farm in the area of Pistoia, specialized in the production of container-grown plants and situated in close proximity with the Pistoia's WWTP. For the experimentation, plants belonging to species typical of local nursery production and with different vegetative habits were used: evergreen (Viburnum Tinus, Pittosporum tobira nana, Fraxinus excelsior), conifer (Cupressus sempervirens, Juniperus horizontalis) and deciduous (Weigelia florida) plants. 1,200 plants were used (200 for each species) in 4 L containers (18 cm Ø), using a mixture of peat, pumice as substratum, with a volume ratio of 3:2.
Plants were equally subdivided in two plots, one of which was irrigated with the tertiary effluent (RWW), originating from the pilot plant, and the other with conventional wellwater. Since previously , it had been verified that, for some of the tested species, the use of wastewater was not capable of replacing completely the synthetic fertilizer action, an initial fertilization was carried out on both plots, with 2.8 kg/m 3 (11 g/container) of Osmocote 8-9, 18N-11P-10K, and 2 kg/m 3 (8 g/container) of Osmocote 3-4, 15N-11P-13-2MgO (Scotts Co., Marysville, OH).
Later on, and only in the plot irrigated with well-water, a top dress fertilization was administered with Osmocote Top dress, 23N-5P 2 O 5 -10K 2 O-4MgO (5 g/container), as it normally happens in the well-watered season. The objective was, obviously, to verify the possibility of replacing the second fertilization thanks to the contribution of nutrients ensured by the effluent.
In both plots, the irrigation was carried out by sprinkling methods and administered twice a day, for a total height of 20 mm. At planting (in mid May), in mid-July, in midNovember and early in January six plants of each species and water treatment were planted out and roots and shoots excised. Fresh weights were recorded immediately, and dry weights were recorded after the vegetative material was oven-dried at 80°C until constant weight was achieved.
Analysis of nutrients release in the environment
To evaluate nutrient release in the environment, further to irrigation and fertilization performed during the agronomic experimentation, 3 collecting points of percolates originating from container bottoms during irrigation, were prepared in each one of the two plots. As a comparison test, some containers with only the substratum without any fertilizer addition were prepared in the plot irrigated with well-water.
Percolates were collected after the irrigation, taking note of their volume, and immediately analyzed in terms of conductivity, pH, ammoniacal nitrogen, nitric nitrogen, phosphorus and potassium, according to the Italian standard methods for water analysis.
Results and discussion
Pilot plant efficiency and effluent quality for irrigation purposes Table 1 shows data relevant to chemical-physical characteristics of both WWTP effluent and WW during the experimental period.
As a whole, these characteristics are a very good indication for possible wastewater reuse. With respect to values specified in the FAO guidelines (Ayers and Westcot, 1985) the wastewater quality characteristics were such to make them suitable for any type of irrigation purpose. Only the sodium ion, as a mean value, showed a concentration slightly higher than the optimum value. The macro-nutrient content explains a fertilizing effect on irrigated species.
The pilot plant can effectively operate to remove the solid content, with residual values always lower than 1 mg/L TSS and average reductions higher than 80%. At the pilot plant outlet, turbidity values comprised between 0.37 and 0.75 NTU and a transmittance at 254 nm (radiation wave length UV-C) of 0.72-0.82 were recorded.
As regards the microbiological indicators, Table 2 presents results of measurements carried out. The effectiveness of secondary wastewater treatment ensured by the pilot plant is evident: microbiologic limits set forth by the two regulations considered were largely respected on the occasion of each sampling. The system adopted for the tertiary treatment (filtration + disinfection) showed the total reduction of Total Coliform and E. Coli, which were anyway higher than 5÷6 logarithmic units. Microbiological investigations conducted during this experimentation confirmed the effectiveness of a combined treatment with peracetic acid and UV at used doses.
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Agronomic experimentation results
Figure 2 depicts growth trends of the various tested species, expressed as dry matter, during the well-watered season. It is clear that, in the case of tested species, the tertiary effluent (RWW) is suitable for irrigation purposes. For all species, with the exception of Cupressus sempervirens, plants irrigated with the tertiary effluent showed greater growths than those of the comparison plot, which were irrigated with well-water (WW). Particularly significant differences were noticed in the case of Fraxinus excelsior, Pittosporum tobira nana and Viburnum tinus. Conversely, in the case of Cupressus sempervirens, slightly greater growths (differences were not statistically significant) were obtained in the plot irrigated with wellwater, probably because of the larger benefits granted by the top dress fertilization.
The comparison between growths observed in the plots makes it possible to highlight the considerable fertilizing capacity of the tertiary effluent. Actually, the results obtained allow us to declare that, for a large spectrum of species, the purified effluent can replace the top dress fertilization treatment. This is an extremely important factor, for the purpose of the economical sustainability of a possible reuse system, since, considering the high cost of fertilization treatment, it represents a considerable added value to treated wastewater.
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Figure 2 Growth trends of the tested species (as dry matter) during the experimental period. Means with different letters are significantly different at p≤0.05. e.s.: standard error; RWW: tertiary effluent; WW: wellwater
Release of nutrients in the environment
On the basis of results submitted so far, it is clear that the reuse of wastewater would allow us to replace at least one of the conventional fertilization treatment. Besides economical advantages, already highlighted, this would entail a reduction of nutrients introduced in the environment. In fact, a substantial part of the treatment is released to the ground through percolation from the plant container bottoms. This represents a polluting source for the underlying water-bearing stratum, caused above all by more mobile chemical elements such as nitrogenous compounds.
As an example, results relevant to ammoniacal nitrogen monitoring (N-NH4 + ) and nitric nitrogen (N-NO 3 -) are shown in the next Figures 3 and 4 . Percolate substance quantities were expressed in mg/container. In both cases, the effect produced by fertilization, when compared with releases generated by containers irrigated with well water only, without any fertilizer (WW, no fertilization), are evident. In the case of ammoniacal nitrogen, total quantities released by the conventional cultivation method (WW) are definitely higher than those due to wastewater irrigation (RWW). In particular, in the first case, the second peak subsequent to the second fertilization, is evident. As regards the nitric nitrogen, releases are comparable, probably because of wastewater treatment plant effluent full nitrification, in summertime. These values are definitely higher than base values produced by the substratum irrigated with plain well-water.
If we make reference to the other monitored elements (P-PO 4 3-and K + ), not reported for the sake of brevity, wastewater entails slightly lower releases with respect to those ascribable to conventional treatment. 
